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(57) The purpose of the invention is to provide a for- 
gery/alteration protective material which containing a 
retroreflecting material and having an improved forgery/ 
alteration protecting effect against the process of the up- 
per part of the material. 

In order to achieve the above purpose, the forgery/ 
alteration protective material 2 according to the inven- 
tion where a retroreflecting material 4 for returning the 
incident light substantially along the path along which 
the incident light travels is provided and a transparent 
film 6 is layered on the retroreflecting material 4 Is char- 
acterized in that a low transmtttance layer 8 formed of 
a material having a iowerer light transmrttance than that 
of the transparent film 6 is provided between the retro- 
reflecting material 4 and the transparent film layer 6, and 
the light transmrttance of the low transmittance layer 8 
is 45% or higher to the light in the wavelength range of 
420 nm to 700 nm. 
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Description 

RELATED APPLICATIONS 

[0001] This application claims priority to the Japanese Patent Application 2000-208872 dated on July 10, 2000 and 
is hereby incorporated with reference for all purposes. 

BACKGOUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The invention relates to a forgery/alteration protective material, particularly to improvement of a forgery/alter- 
ation protective material made information - readable under specified situations using a material with a low light trans- 
mittance. 

PRIOR ART 

[0003] A product produced by a specified enterprise is highly evaluated and is regarded as reliable by consumers if 
a bland name is attached thereto. Such a bland name stimulates the bland preference of consumers and even produces 
new added value. 

[0004] However, taking advantage of the reliance and the preference of consumers, there exist some people who 
try to gain profit by falsely applying the bland name popular among consumers to the products. Forged products sold 
in markets by such people are often significantly inferior In the quality and accordingly ruin the reliability obtained with 
much effort among consumers and that is a serious problem for the enterprise. 

[0005] Therefore, in order to avoid such a trouble, circulation of forged products has been tried to stop by adding 
technology for making forgery difficult and technology for distinguishing between intrinsic products and forged products. 
[0006] As such a technology to be added to a product for the purpose to prevent forgery, there are technological 
means available using retroreflecting materials and multivariably discoloring pearl pigments. Fig. 14 shows a schematic 
illustration of a forgery protective material using a retroreflecting material. 

[0007] As shown In the illustration, a forgery protective material 100 using a conventional retroreflecting material 
comprises a substrate 1 02, a retroreflecting material layer 1 04 and a transparent film layer 1 06 layered thereon and a 
photographic infonnation 108 and/or letter Infomnation 110 by printing is inserted between the retroreflecting material 
layer 104 and the transparent film layer 106. 

[0008] The illustrated retroreflecting material layer 104 is composed of a substrate 112, an interfering substance 
layer 114, and a transparent small spherical body 116. And under normal light such as sunray and Illumination, light 
rays is in^adiated from a variety of directions to the retroreflecting material, so that light scattering takes place in the 
respective layers and neither retroreflective light nor interference color by the Interfering substance layer 114 is ob- 
sen^ed. And when light rays with a uniform proceeding direction (called as linear light) are irradiated, interfering color 
is observed owing to the retroref lection and the interference of light rays in the transparent small spherical body 116 
and the interfering substance layer 114 and accordingly, distinction between an intrinsic product and a forged product 
is made possible by making letters and/or designed patterns, which differ under nomrial light irradiation and linear light 
irradiation, appear in the interfering substance layer. 

[0009] If fabrication of the retroreflecting material 1 04 of a forgery protective material 1 00 is tried, the formation state 
of the substrate 112, the interfering substance layer 114. and the transparent small spherical body 116 composing the 
retroreflecting material layer is broken to make it difficult to re-construct the formation state, so that actually fabrication 
is to be considerably difficult. Further, It is extremely difficult to reproduce designed patterns and/or letters observed 
in the interfering substance layer 114 under normal light or linear light Irradiation and that significantly contributes to 
forgery prevention. 

[0010] However, in the case of a conventional forgery/alteration protective material with the constitution as shown 
in Fig. 1 4, it has been possible to fabricate the photographic information 1 08 and/or the letter information 1 1 0 by scratch- 
ing the transparent film layer 106, falsifying the photographic information 108 and/or the letter information 110, and 
coating them with a transparent film just like before. Further, even if the photographic infomnation 1 08 and/or the letter 
information 1 1 0 are altered, the retroreflecting material layer 1 04 still maintains the information and it makes judgment 
of the falsiffeatlon extremely difficult. If the retroreflecting material layer 104 Is obtained easily, forgery of such a con- 
ventional forgery/alteration protective material Itself is easily done. Therefore, a conventional forgery/alteration protec- 
tive material is Inferior in security property in terms of processing of the top part of the material. 
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. SUMMARY OF THE INVENTION 

[0011] The invention aims to provide a forgery/alteration protective material using a retroreflecting material, wherein 
the forgery/alteration protective materia! is provided with improved forgery/alteration protecting effect against the proc- 
ess of the upper part of the material. 

[0012] In order to achieve the above-mentioned purpose, a forgery/alteration protective material according to the 
Invention where a retroreflecting material for returning the incident light substantially along the path along which the 
Incident light travels is provided and a transparent film is layered on said retroreflecting material, wherein a low trans- 
mittance layer formed of a material having a lowerer light transmlttance than that of said transparent film is provided 
between said retroreflecting material and said transparent film layer or on the surface of said transparent film layer, 
and the light transmittance of said low transmlttance layer is 45% or higher to the light in the wavelength range of 420 
nm to 700 nm. 

[0013] Further, In the forgery/alteration protective material of the invention, it Is preferable that information such as 
letters and/or designed patterns by printing, a photograph or the like is recorded between the retroreflecting material 
and the low transmittance layer or in the retroreflecting material. 

[0014] Further, in the forgery/alteration protective material of the Invention, It is preferable that the retroreflecting 
material Is a color light retroreflecting material for turning color light with different color tone from that of the incident 
light in the proceeding direction of the incident light. 

[0015] Further, In the forgery/alteration protective material of the invention, it Is preferable that the material with a 
low light transmittance for forming the low transmittance layer is a material with a high light diffuslbillty as compared 
with that of the transparent film. 

[0016] Further, in the forgery/alteration protective material of the invention, it is preferable that the material with a 
high light diffusibility is a spherical Inorganic powder such as a spherical silica, spherical alumina, and the like, or a 
spherical resin powder such as spherical polymethyl methacrylate, spherical polyethylene, spherical silicone and the 
like. 

[0017] Further, in the forgery/alteration protective material of the invention, it is preferable that the material with a 
low light transmittance for fonning the low transmittance layer is a material with a high light shielding property as 
compared with that of the transparent film. 

[0018] Further, in the forgery/alteration protective material of the invention, it is preferable that the material with a 
high light shielding property as compared with that of the transparent film Is an inorganic substance such as titanium 
oxide, zinc oxide, Iron oxide, titanium oxide-coated mica, and the like or a metal such as aluminum, gold and the like. 
[0019] Further, in the forgery/alteration protective material of the invention, it is preferable for the material to be stuck 
to or Integrally formed In a substrate such as paper, a film and the like or an article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

Fig. 1 is a cross-sectional view of one embodiment of a forgery/alteration protective material of the invention. 
Fig. 2 is an explanatory drawing for representing the behavior of a forgery/alteration protective material using a 
material with a high light diffusibility as a material with a low light transmlttance under normal light in^adlation. 
Fig. 3 is an explanatory drawing for representing the behavior of a forgery/alteration protective material using a 
material with a high light diffusibility as a material with a low light transmittance under linear light irradiation. 
Fig, 4 is an explanatory drawing for representing the behavior of a forgery/alteration protective material using a 
material with a high light shielding property as a material with a low light transmittance under nomial light Irradiation. 
Fig. 5 Is an explanatory drawing for representing the behavior of a forgery/alteration protective material using a 
material with a high light diffusibility property as a material with a low light transmlttance under linear light Irradiation . 
Fig. 6 is a cross-sectional schematic view for illustrating the formation state of a low transmittance layer in the 
case the low transmittance layer Is formed using a spherical Inorganic powder or a spherical resin powder 
Fig. 7 is an explanatory drawing for representing the constitution of a color light retroreflecting material for turning 
the color light back In the Incident light proceeding direction. 
Fig. 8 is an Illustration collectively showing the results of Table 1 in form of a graph. 
Fig. 9 Is an illustration collectively showing the results of Table 2 in fomi of a graph. 

Fig. 10 is an explanatory drawing for representing the formation procedure and the measurement method for a 
sample in Experiment 2. 

Fig. 11 Is an explanatory drawing for representing the observation results observed when Example 1 Is observed 
under the respective conditions. 

Fig. 1 2 is an explanatory drawing for representing the observation results observed when Example 3 is observed 
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under the respective conditions. 

Fig. 13 is a cross-sectional view of another embodinr^ent of a forgery/alteration protective material of the invention. 
Fig. 14 is a schematic view of a conventional forgery protective material using a retroreflecting material. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0021] Hereinafter, with reference to one embodiment of the Invention, a forgery/alteration protective material of the 

invention will be described in details. 

[0022] Fig. 1 shows a cross-sectional view of one embodiment of a forgery/alteration protective material of the in- 
10 ventlon. A forgery/alteration protective material 2 shown in the illustration comprises a retroreflecting material 4. which 
is stuck to a substrate 3 and turns the Incident light rays back in approximately the proceeding direction of the Incident 
light and a transparent film 6 layered on the retroreflecting material 4, and the material is provided with a low transmit- 
tance layer 8 produced from a material with a low light transmittance as compared with the transparent film 6 and 
formed between the retroreflecting material 4 and the transparent film layer 6. Incidentally as shown in Fig. 1 , the low 
IS transmittance layer 8 of the invention is not necessarily required to be a layer covering entirely one face of the forgery/ 
alteration protective material. 

[0023] As materials with a low light transmittance as compared with that of the transparent film 6 and fonning the 
low transmittance layer 8, they can be classified into two types; one is a material with a high light diffusibility as compared 
with the transparent film and the other is a material with a light shielding property as compared with the transparent film. 
20 [0024] The forgery/alteration protective material of the invention having such a constitution behaves differently in the 
case of nomrial light irradiation and in the case of linear light irradiation. 

[0025] Here, the names of light rays employed in this specification will be defined. The nomnal light, as described in 
the foregoing section of Prior Art, means light rays existing under sunrays, illumination light of a fluorescent lamp and 
the like and having various wavelength values and a variety of light proceeding directions, whereas linear light means 
25 light rays with a uniform processing direction even though their wavelength varies. In this regard, coherent light such 
as laser beam can be said to be linear light with special state and in this specif toation, laser beam is included as linear 
light. 

[0026] When these two types of light rays defined above are irradiated to such a forgery/alteration protective material 
of the invention as shown in Fig. 1 , the material shows the following behaviors, incidentally, since the behaviors differ 
30 slightly in the case of using a material with a high light diffusibillty and using a material with a high light shielding property 
as a material with a low light transmittance, these will be described separately. 

[0027] Fig. 2 is an explanatory drawing for representing the behavior of a forgery/alteration protective material using 
a material with a high light diffusibllity as a material with a low light transmittance under normal light Irradiation and a 
cross-sectional schematic view showing one embodiment of the forgery/alteration protective material of the invention. 
35 Incidentally, same symbols are assigned to the portions in this Illustration which correspond to the same constituents 
in Fig. 1 to omit their explanation. 

[0028] As Illustrated in Fig. 2(a). light rays 10 come to the forgery/alteration protective material 2 of the invention in 
various directions under normal light irradiation. The light rays 1 0 irradiating on the forgery/alteration protective material 
2 of the invention passes through the transparent film layer 6 and a low transmittance layer 8 as illustrated in Fig. 2(b) 

40 come to the retroreflecting material layer 4 and are reflected in the approximately same Incident light proceeding di- 
rections. Then, as illustrated in Fig. 2(c), the reflected light rays which become retroreflected light rays 12 again pass 
the transparent film layer 6 and are turned back in the approximately same incident light proceeding directions and 
dissimilarly to the retroreflected light rays 12, the reflected light rays which come to the low transmittance layer 8 are 
diffused In various directions to be diffused light rays 1 4 by the material with a high light drffusibility forming the low 

45 transmittance layer 8 during the turning back. 

[0029] However, even if such a situation is observed with eyes, since the incident light rays 1 0 have various incident 
directions, the retroreflected light rays 12 also have various proceeding directions and therefore, the light rays 14 
diffused by the low transmittance layer 8 and the retroreflected light rays 12 cannot be clearly distinguished. 
[0030] Accordingly, in the case of observing the forgery/alteration protective material of the Invention with eyes under 

50 normal light irradiation, the low transmittance layer becomes a layer which cannot be practically seen. 

[0031] On the other hand, the material shows the following behavior when linear light rays are in-adiated. Fig. 3 is 
an explanatory drawing for representing the behavior of a forgery/alteration protective material using a material with 
a high light diffusibillty as a material with a low light transmittance under linear light in-adiation and a cross-sectional 
schematic figure showing one embodiment of the forgery/alteration protective material of the Invention. Incidentally, 

55 same symbols are assigned to the portions In this illustration which con-espond to the same constituents In Fig. 2 to 
omit their explanation. 

[0032] As illustrated in Fig. 3(a), light rays 10 come to the forgery/alteration protective material 2 of the invention 
only in one direction under linear light irradiation. The light rays 1 0 irradiating on the forgery/alteration protective material 
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2 of the invention, as illustrated in Fig. 3(b), passes through the transparent film layers, and at thetinae of passing the 
low transmittance layer 8, while sonne being diffused, light rays come to the retroreflecting material layer 4 and are 
reflected in the approximately same incident light proceeding directions. Then, as illustrated in Fig. 3(c), the reflected 
light rays which become retroreflected light rays 12 again pass the transparent film layer 6 and are turned back in the 

5 approximately same incident light proceeding directions and dissimilarly to the retroreflected light rays 1 2, the reflected 
light rays which come to the low transmittance layer 8 are diffused in various directions to be diffused light rays 14 by 
the material with a high light diffusibility fomning the low transmittance layer 8 during the turning back. 
[0033] When such a situation is observed with eyes from the approximately linear light irradiation direction, since 
the retroreflected light rays 12 proceed toward the observing eyes to make obsen/atlon extremely bright. However, the 

10 light rays 14 diffused by the low transmittance layer 8 proceed In various proceeding directions and light rays which 
proceed toward eye direction are sfgnlficantty decreased. For this reason, the low transmittance layer 8 is seen dark 
with eyes. 

[0034] Accordingly, in the case of the forgery/alteration protective material of the invention using the material with a 
high light diffusibility as the material with a low light transmittance, the low transmittance layer 8 cannot be practically 

'5 seen under nomnal light irradiation and therefore can be used for secret information. 

[0035] Next, a forgery/alteration protective material using the material with a material with a high light shielding 
property as the material with a low light transmittance will be described. Fig. 4 Is an explanatory drawing for representing 
the behavior of a forgery/alteration protective material using a material with a high light shielding property as a material 
with a low light transmittance under nomrial light irradiation and a cross-sectional schematic view showing one embod- 

20 Innent of the forgery/alteration protective material of the invention. Incidentally, same symbols are assigned to the 
portions in this illustration which correspond to the same constituents in Fig. 2 to omit their explanation. 
[0036] As illustrated in Fig. 4(a), light rays 10 come to the forgery/alteration protective material 2 of the invention in 
various directions under nomnal light irradiation. The light rays Irradiating on the forgery/alteration protective material 
2 of the Invention passes through the transparent film layer 6 and a low transmittance layer 8 as illustrated in Fig. 4(b) 

25 come to the retroreflecting material layer 4 and are reflected in the approximately same incident light proceeding di- 
rections. Then, as illustrated in Fig. 4(c), the reflected light rays which become retroreflected light rays 12 again pass 
the transparent film layer 6 and are turned back in the approximately same incident light proceeding directions and 
dissimilarly to the retroreflected light rays 12, the reflected light rays which come to the material with a low light trans- 
mittance 8 during the turning back become retroreflected light rays 1 6 with light intensity of the reflected light decreased 

30 by the material with a high light shielding property fonning the low transmittance layer 8. 

[0037] When such a situation is observed with eyes, although the low transmittance layer 8 can be observed with 
eyes, If a high design property is provided by a material forming the low transmittance layer, the forgery/alteration 
protective material 2 itself is provided with a high design property. 

[0038] Accordingly, in the case of observing the forgery/alteration protective material of the invention with eyes under 
35 nonnal light Irradiation , the low transmittance layer becomes a layer which improves the design property of the forgery/ 
alteration protective material. 

[0039] On the other hand, the material shows the following behavior when linear light rays are in^adiated. Fig. 5 is 
an explanatory drawing for representing the behavior of a forgery/alteration protective material using a material with 
a high light shielding property as a material with a low light transmittance under linear light irradiation and a cross- 
40 sectional schematic view showing one embodiment of the forgery/alteration protective material of the invention. Inci- 
dentally, same symbols are assigned to the portions in this illustration which correspond to the same constituents in 
Fig. 2 to omit their explanation. 

[0040] As illustrated in Fig. 5(a), light rays 10 come to the forgery/alteration protective material 2 of the invention 
only in one direction under linear light irradiation. The light rays 1 0 irradiating on the forgery/alteration protective material 

45 2 of the invention, as illustrated in Fig. 5(b), passes through the transparent film layer 6, and at the time of passing the 
low transmittance layer 8, while some being shielded, the light rays come to the retroreflecting material layer 4 and 
are reflected in the approximately same incident light proceeding directions. Then, as illustrated in Fig. 5(c), the reflected 
light rays which become retroreflected light rays 12 again pass the transparent film layer 6 and are turned back In the 
approximately same Incident light proceeding directions and dissimilarly to the retroreflected light rays 1 2, the reflected 

50 light rays which come to the low transmittance layer 8 during the turning back become retroreflected light rays 1 6 with 
light intensity of the reflected light decreased by the material with a high light shielding property fonning the low trans- 
mittance layer 8, 

[0041] When such a situation is observed with eyes from the approximately linear light irradiation direction, since 
the retroreflected light rays 12 proceed toward the observing eyes to make observation extremely bright. However, 
55 with respect to the retroreflected light rays 1 6 whose light intensity is decreased by the low transmittance layer 8, light 
rays which proceed toward eye direction are significantly decreased. For this reason, the low transmittance layer 8 is 
seen dark with eyes. 

[0042] Accordingly, in the case of the forgery/alteration protective material of the invention using the material with a 
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high light shielding property as the material with a low light transmlttance, the low transmittance layer 8 can be a layer 
provided with high design property under normal light Irradiation and in the case of linear light irradiation, its portion 
becomes dark and therefore the forgery/alteration protective material can be used for secret information. 
[0043] As described, since the forgery/alteration protective material of the invention shows different behaviors de- 

5 pending on whether the light In-adiated is nonmal light or linear light, whether a product is a forged one or not can be 
judged by using linear light. Further, even if the transparent film layer 6 is peeled or scratched for falsification, the low 
transmittance layer 8 is broi<en together with the transparent film layer 6, so that even if the transparent film layer 6 Is 
restored, the alteration fact can be known because of the alteration of the observation state of the low transmittance 
layer when linear light is irradiated. 

10 [0044] Incidentally, in order to reliably break the low transmittance layer 8 simultaneously with the peeling and break- 
ing of the transparent film layer 6 in the outenmost layer, It is preferable to form the transparent film layer in the outermost 
layer and the low transmittance layer in neighboring state. 

[0045] The forgery/alteration protective material of the invention, as described above, is intended to make it possible 
to distinguish between an intrinsic product and a forged product depending on the difference between the intensity of 

15 light which passes the low transmittance layer and the intensity of light which does not pass the low transmittance layer 
when linear light is Irradiated. Further, the low transmittance layer is required to be a layer unseen under normal light 
or capable of providing a high design property. Therefore, the light transmittance of the low transmittance layer 8 in 
the Invention Is preferable to be 45% or higher for the light with wavelength in a wavelength range from 420 nm to 700 
nm, more preferable to be 50% or higher for the light with wavelength in a wavelength range from 420 nm to 700 nm. 

20 [0046] If the transmittance is lower than that, it becomes difficult to recognize the letter information and/or the pho- 
tographic information formed in an underiayer of the low transmittance layer. Further, the reason for limiting the wave- 
length range of the light to 420 nm to 700 nm is because this wavelength range approximately coincides with the 
wavelength range of visible light. 

[0047] As the transparent film, materials such as polypropylene (PP), polyethylene terephthalate (PET), polycar- 
25 bonate (PC) and the like can be used and embodiments of hologram and a light diffraction recording film may be 
included. 

[0048] Here, some examples of a material with a high light diffusibility as compared with the transparent film include 
spherical inorganic powder such as a spherical silica, spherical alumina, and the like, or a spherical resin powder such 
as spherical polymethyl methacrylate, spherical polyethylene, spherical silicone and the tike. They have high transpar- 
30 ency and high light diffusibility and accordingly are provided with un-visibility under normal light and light diffusibility 
under linear light and thus remarkably advantageous for use. 

[0049] Although hard to say in general since it depends on the refractive index, the particle diameter of the spherical 
inorganic powder and the spherical resin powder forming the low transmittance layer is preferably 1 ^m to 20 |im. 
[0050] In the case of using such a spherical Inorganic powder or a spherical resin powder to form the low transmittance 
35 layer, it is preferable to form the respective spherical bodies such that they are an^anged orderly since light diffusion 
takes place without unevenness. 

[0051] Fig. 6 is a cross-sectional schematic view for Illustrating the fomnatlon state of a low transmittance layer In 
the case the low transmittance layer is formed using a spherical inorganic powder or a spherical resin powder. Inci- 
dentally, same symbols are assigned to the portions in this illustration which correspond to the same constituents in 
40 Fig. 1 to omit their explanation. As shown in Fig. 6(a), the low transmittance layer 8 formed from a spherical powder 
is f onned between a retroref tecting material layer 4 and a transparent film layer 6 while the respective spherical bodies 
are arranged orderly so as to form a monolayer. 

[0052] Incidentally, that the respective spherical bodies are arranged orderly does not mean the respective spherical 
bodies are arranged in a monolayer so as to form the low transmittance layer but, as shown in Fig. 6(b) and Fig. 6(c), 

« may be formed in a plurality of layers such as 2 layers, 3 layers and the like. 

[0053] However, if too many layers are formed, although the light diffusibility is not so much improved, it results in 
deterioration of the transparency or undesirable effects on the strength of the material itself and therefore, in the case 
of forming the low transmittance layer in the invention by using the spherical inorgank: powder or the spherical resin 
powder, the thickness of the low transmittance layer is preferably 1 ^m to 20 ^m. 

50 [0054] Examples of the material with a high light shielding property as compared with the transparent film include 
titanium oxide, zinc oxide, iron oxide, titanium oxide-coated mica, and the like or a metal such as aluminum, gold and 
the like. They can provide the high design property to the forgery/alteration protective material under nomial light. 
Further, since the light transmittance can be increased also by adjusting the layer fomnatlon state, the light which passes 
the low transmittance layer is more than the light reflected In the surface of the low transmittance layer under linear 

55 light and consequently, the layer worics as a layer for decreasing the light Intensity at the time when the returning light 
by the retro reflecting material layer 4 passes the low transmittance layer and makes it possible to display secret infor- 
mation. 

[0055] In the case of using an inorganic substance such as titanium oxide, zinc oxide, iron oxide, titanium oxide- 
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coated mica, and the like as the material for forming the low transmtttance layer, although hard to say in general since 
it depends on the refractive index, the reflectivity in the surface, the transparency of the material itself, and the like, 
the average particle diameter is preferably 0.01 ^m to 10 ^m in the case the powder is spherical or agglomerate and 
the thickness is preferably 0.2 jim tolO fim in the case the powder is plate-like. 

5 [0056] Further, in the case of using a material with a high light shielding property for the low transmlttance layer, the 
layer thickness Is very important since it directly affects the light transmlttance of the low transmlttance layer. Accord- 
ingly, in the case of forming the low transmittance layer by using a material with a relatively high light transmlttance 
such as titanium oxide, titanium oxide-coated mica and the like, the thickness of the low transmlttance layer is preferably 
1 fxm to 20 further preferably 1 ^m to 10 ^m. 

10 [0057] In the case of forming the low transmittance layer by using a material with a relatively low light transmittance 
such as zinc oxide, iron oxide, and the like, or a metal with light reflectivity such as aluminum, gold and the like, although 
depending on the refractive index, the reflectivity the material itself, the layer thickness is preferably 50 A to 300 A, 
further preferably 1 00 A to 200 A since the material remarkably decreases the light transmittance as the thickness 
increases. 

IS [0058] In the case of using a material with a high light shielding property for the low transmittance layer, if the layer 
thickness is thinner than the above-mentioned limit, sufficient design property cannot be provided, whereas the thick- 
ness is thicker, the light transmlttance Is so low to make it difficult to recognize the letter information and the photographic 
Infonmation, which are fomied in the underlayer of the low transmittance layer. 

[0059] In the invention, it is preferable to fonn infomnation such as letters and designed patterns by printing, or a 
20 photograph or the like between the retroreflecting material and the low transmittance layer 

[0060] Again using Fig. 1, the invention will be described. As shown in the illustration, in this embodiment, photo- 
graphic information 11 and letter information 13 are inserted between the retroreflecting material 4 and the low trans- 
mittance layer 8. With such a constitution, when it is tried to alter the photographic information 11 and the letter infor- 
mation 1 3 with other photograph or letters, either the retroreflecting material layer 4 or the transparent film layer 6 with 
25 the low transmittance layer 8 has to be broken once. However, once the retroreflecting material layer 4 and the low 
transmittance layer 8 are broken, it becomes very difficult to restore them and even if the photographic information and 
the letter Information are altered, the alteration fact can be easily found owing to the change of the state observed 
under linear light to make alteration of the photographic information and letter information practically impossible. 
[0061] Further, in the forgery/alteration protective material of the Invention, the retroreflecting material is preferable 
30 to be a color light retroreflecting material for turning color light with different color tone from that of the incident light in 
the proceeding direction of the Incident light. If such a retroreflecting material is used, since the color tone of the 
retroreflecting material is observed differently under normal light and under linear light, high security property is pro- 
vided. 

[0062] As such a retroreflecting material, a retroreflecting material having an interfering substance layer can be 

35 exemplified. In the embodiment shown in Fig. 1, the color light retroreflecting material for turning color light with different 
color tone from that of the incident light in the proceeding direction of the incident light is composed of a titanium 
dioxide-coated mica layer 17 as the Interfering substance layer, and a transparent small spherical body 18 for turning 
back incident light in the incident light proceeding direction on the titanium dioxide-coated mica layer 17. The mecha- 
nism for coloring the incident light by the retroreflecting material with such a constitution will be described. 

40 [0063] Fig. 7 shows an explanatory drawing for representing the constitution of a color light retroreflecting material 
for turning the color light back In the incident light proceeding direction. Incidentally, same symbols are assigned to the 
portions in this illustration which correspond to the same constituents in Fig. 1 to omit their explanation. 
[0064] As shown in Fig. 7(a), the retroreflecting material 4 comprises a titanium dioxide-coated mica layer 1 7, as the 
interfering substance layer, on a substrate 15 and a large number of transparent small spherical bodies 18 with a 

45 particle diameter of 30 ^im to 80 p.m, made of glass or the like and an-anged orderiy in the surface layer side. 

[0065] The incident light 1 0 coming outside enters into the small spherical bodies 1 8. At least some of the light rays 
are reflected by the interfering substance layer 17 from the transparent small spherical bodies 18, and again turned 
back to the small spherical bodies 1 8 and proceed outward. Since the faces of the small spherical bodies 1 8 projected 
outward are spherical faces, even if the incident angle is fluctuated more or less, same action is caused and the reflected 

50 light 12 can be turned back in the incident light proceeding direction. 

[0066] In this case, the mechanism for coloring the incident light is illustrated in Fig. 7(b). The titanium dioxide-coated 
mica 20 composing the interfering substance layer comprises scaly mica 22 and a titanium dioxide layer 24 coating 
the mica 22, and some of the incident light rays 10 are reflected on the surface of the titanium dioxide layer 24 to be 
reflected light rays 12a, and further some others are reflected on the boundary face between the mica 22 and the 

55 titanium dioxide layer 24 to be reflected light rays 12b. The foregoing reflected light rays 12a and reflected light rays 
12b have optical path length two times as long as the titanium dioxide layer 24, and among wavelength components 
of the reflected light rays 12a and reflected light rays 12b, those whose ha If -wavelength is odd number times as long 
as the optical path difference are amplified, and those whose wavelength is even integer number times as long as the 



7 



EP 1 300 255 A1 



optical path difference are aUenuated, As a result, by adjusting the thickness of the titanium dioxide layer 24, reflected 
interference light rays 26 with desired color tone can be obtained. Incidentally, the color reflected interference light 
rays 26 are turned bacl< In approximately sanne direction in the optical path of the incident light by the transparent snnall 
spherical bodies 18. 

5 [0067] In the case ot using such a retro reflecting material, since light rays impinge from a variety of directions under 
nomnal light and the optical path length difference attributed to the titanium dioxide layer 24 varies and as a result, the 
color intensified by the interference cannot be observed and appearance color of the titanium dioxide-coated mica 20 
is to be observed. 

[0068] On the other hand, If linear light is in^diated, since the optical path differences of the linear light become all 
10 same and therefore, only a specified color is intensified by interference and in the case of observation from the linear 
light in-adiation direction, color produced by mixing the color intensified by interference and the appearance color of 

the titanium dioxide-coated mica can be observed. 

[0069] Accordingly, if the layer thickness of the titanium dioxide layer is adjusted so as to make the appearance color 
of the titanium dioxide-coated mica and the interference color intensified by interference different, the color observed 

15 under normal light and under linear light is changed. 

[0070] Incidentally, in the case of using such retroreflecting material, if drawings and patterns, letters and the like 
are written with the appearance color of the titanium dioxide-coated mica, and different drawings and patterns, letters 
and the like are appeared owing to the interference color, that makes the falsification difficult and helps to Judge the 
real and the false, resulting in higher security. 

20 [0071] Further, in the case of producing the forgery/alteration protective material of the invention using such a ret- 
roreflecting material, if the drawings and patterns, letters and the like coming up under linear light owing to the retro- 
reflecting material and drawings and patterns, letters and the like coming up owing to the low transmittance layer are 
combined so as to provide specific information, the security is further improved and thus it is preferable. 
[0072] Incidentally, as the retroreflecting material described above, titanium dioxide-coated mica is used for the in- 

25 terfering substance layer, however the interfering substance layer is not limited thereto, 

[0073] For example, in place of mica, a powder of metal aluminum, metal titanium, a stainless steel and the like; an 
inorganic plate-like oxide such as plate-like iron oxide, plate-like silica, plate-like titanium oxide, plate-like alumina and 
the like; a laminar compound such as muscovlte, biotite, sericlte, kaolinite, talc and the like; a scaly powder such as 
organic polymer foils of a PET resin film, an acrylic resin film, and the like may be used as mother nuclei. Incidentally, 

30 In order to Improve the utilization factor of the light, it is preferable to use a scaly powder with light transmittance. 
Further, the particle size of the powder is not particularly limited, however those with a particle size of preferably 1 to 
200 fxm, more preferably 10 to 120 pjn and flat shape are easy to radiate beautiful gloss and interference color. 
[0074] In order to provide such a powder with interference color, it is general to coat the surface of the powder with 
a metal oxide, and as the metal oxide, titanium dioxide, iron oxide, low valence titanium oxide, zirconium oxide, silicon 

35 oxide, aluminum oxide, cobalt oxide, nickel oxide, cobalt titanate, and compounded oxide such as Li2CoTi30g, KNiTiO^, 
and mixtures of these metal oxides can be exemplified, however any metal oxide can be used without limit as long as 
it can exhibit interference color. Coating of the scaly powder with such metal oxides can be carried out by a method of 
heating organic salts or inorganic salts of these metal oxides or neutralizing and hydrolyzing them or by deposition 
process such as CVO and PVD. 

40 [0075] Further, as shown above, the interfering substance layer may be fornied not by using such a powder but as 
a metal film having interference color and obtained by oxidizing the surface of a metal film. 

[0076] Incidentally, although the explanation is given by exemplifying a layer reflecting incident light by the titanium 
oxide-coated mica with reference to Fig. 7, the coloration of the incident light is possible even if the reflectance of the 
interfering substance layer is not so much high. In such a case, It Is preferable to provide light reflectance to a substrate 
45 15 so as to reflect light which Is not reflected on the interfering substance layer and passes the layer by the substrate 
15. On the contrary, if the interfering substance layer has sufficient reflectance, the substrate 15 is not necessarily 
required. 

[0077] The retroreflecting material to be employed for the invention is not limited such a retroreflecting material which 
turning color light back in such a manner, but a common retroreflecting material can be used. 
50 [0078] The forgery/alteration protective material of the invention comprising the layered retroreflecting material, low 
transmittance layer, and transparent film layer as described above is preferably stuck to or integrally formed with sub- 
strate of paper, a film or the like or an article. 

[0079] Such a substrate of paper, a film or the like or an article is an object to be prevented from forgery and by 
sticking or Integrally fonming the forgery/alteration protective material of the invention and determining whether the 
55 forgery/alteration protective material of the Invention Is real or not, It Is advantageously made possible to detennine 
whether substrate of paper, a film or the like or an article is real or not. 

[0080] Hereinafter, using some substances as materials for fonming a low transmittance layer of the invention, an 
experiment is carried out to confimri degree of the light transmittance these materials have. Also, using same materials. 
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forgery/alteration protective materials are practically produced and subjected to a test for determining the capability of 
displaying secret information. 

Experiment 1 

5 

[0081] At first, an experiment was carried out using, as a material for a low transmittance layer, a sillcone-based 
spherical powder with a particle size of 4.5 fim, a silica spherical powder with a particle size of 2 to 15 ^m, a titanium 
oxide-coated mica, which is a material with a high light shielding property, having a particle size of 5 to 25 ^im and a 
titanium oxide coating ratio of 57%, a titanium oxide-coated mica having a particle size of 5 to 25 p.m and a titanium 

10 oxide coating ratio of 68%, and anatase type titanium oxide with a particle size of 0.3 ^m. Further, a mica powder with 
a particle size of 5 to 25 jun was used as Comparative Example to cany out the experiment. 
[0082] The experiment was canied out by using samples each obtained by dispersing 1 g of each material in 15 g 
of nitron using a disperser and then applying each material to an OHP sheet in application thickness of 0.05 mm, 0.101 
mm, and 0.204 mm and drying the sheet at the room temperature. 

15 [0083] The method for measuring the transmittance is carried out by measuring the intensity of light with wavelength 
of 400 to 700 nm passing through an OHP sheet bearing no coating by employing a spectrophotometer (UV-3410 
manufactured by HITACHI) to use the obtained transmittance as a standard of 100% and successively measuring the 
intensity of light passing through each sample bearing each material and calculating the transmittance Index. 
[0084] The results are shown In the following Tables 1 , 2. 

20 

Table 1 



25 



30 



35 



material 


siticone-based spherical powder 


silica spherical powder 


titanium oxide-coated mica 
















(coationg ratio57%) 


wavelength 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


0.05 


0.101 




(nm) 




















\coating 




















thickness 




















(mm) 




















400 


83.69 


84.19 


86.57 


81.01 


81.04 


81.28 


43.42 


34.15 


16.11 


410 


96.35 


96.78 


99.03 


93.19 


93.15 


93.90 


65.20 


57.15 


38.44 


420 


96.22 


96.71 


98.85 


93.57 


93.46 


93.77 


73.50 


67.01 


51.29 


430 


96.23 


96.62 


98.90 


93.73 


93.67 


93.96 


78.18 


72.55 


58.19 


440 


96.35 


97.01 


99.13 


94.15 


93.97 


94.37 


60.49 


75.72 


61.98 


450 


96.75 


96.88 


99.17 


94.61 


94.43 


94.89 


81.17 


76.13 


62.65 


460 


96.56 


97.12 


98.97 


94.53 


94.55 


94.88 


80.35 


75.02 


61.22 


470 


96.59 


96.94 


98.92 


94.77 


94.60 


95.05 


78.51 


72.99 


58.59 


480 


96.75 


96.85 


98.86 


94.77 


94.80 


95,40 


76.39 


70.47 


55.68 


490 


96.75 


96.98 


98.82 


85.03 


94.84 


95.43 


73.81 


67.37 


52.24 


500 


96.68 


96.82 


98.66 


95.15 


94.94 


95.56 


71 .31 


64.58 


48.99 


510 


96.84 


97.01 


98.58 


95.15 


95.06 


95.61 


68.90 


61.77 


46.12 


520 


96.91 


96.95 


98.53 


95.35 


95.17 


95.65 


66.71 


59.48 


43.79 


530 


96.91 


96.80 


98.51 


95.26 


95.29 


95.78 


84.66 


57,18 


41.59 


540 


96.81 


96.77 


98.18 


95.28 


95.17 


95.74 


62.89 


55.26 


39.81 


550 


96.88 


96.69 


98.20 


95.36 


95.43 


95.85 


61.29 


53.66 


38.40 


560 


96.93 


96.87 


98.30 


95.44 


95.46 


95.86 


60.16 


62.35 


37.27 


570 


96.89 


96.95 


98.05 


95.58 


95.55 


95.88 


58.95 


51.12 


36,24 


580 


96.85 


96.80 


97.96 


95,46 


95.53 


95.97 


58.07 


50.27 


35.48 


590 


96.74 


96.61 


97.82 


95.45 


95.34 


95.94 


57.33 


49.51 


34.83 


600 


96.86 


96.71 


97.90 


95.64 


95.56 


95.91 


56.92 


46.98 


34.47 


610 


96.94 


96.68 


97.90 


95.69 


95.61 


98.14 


56.48 


48.54 


34.14 


620 


96.81 


96.66 


97.76 


95.73 


95.50 


95.90 


56.20 


48.35 


33.87 


630 


96.76 


96.34 


97.57 


95.49 


95.43 


95.86 


56.02 


48.11 


33.70 


640 


96.91 


96.72 


97.63 


95.68 


95.57 


95.93 


56.09 


48.04 


33.75 


650 


96.70 


96.39 


97.20 


95.49 


95.54 


96.04 


55.97 


47.97 


33.67 
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Table 1 (continued) 





IlldlCjl Icll 


siilcone-based spherical powder 


silica spherical powder 


titanium oxide-coate 
(coationg ratio5i 


id mica 


5 


wavelength 
(nm) 
\coating 
thickness 
(mm) 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


0.05 


0.101 




10 


660 


96.64 


96.48 


97.58 


95.45 


95.60 


95.88 


56.01 


47,99 


33.79 




670 


96.95 


96.46 


97.58 


95.68 


95.49 


96.13 


56.11 


48.28 


33.87 




680 


96.91 


96.42 


97.38 


95.60 


95.39 


95.80 


56.22 


48.19 


33.98 




690 


96.85 


96.54 


97.55 


95.64 


95.75 


96.05 


56.47 


48.47 


34.01 


15 


700 


96.61 


96.42 


97.49 


95.66 


95.59 


96.08 


56.42 


48.57 


34.05 



Table 2 





material 


titanium oxide-coated mica (coationg 


anatase type titanium oxide 




mice 




20 






1 aliUuQ /o f 


















wave 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


U.UO 


U.l U 1 






iciiyin 










































25 


\coatlng 
thickness 
(mm) 






















400 


45.15 


34.18 


14.41 


38.73 


31 .60 


18.71 


85.17 


83.91 


81 .64 




410 


68.55 


58,78 


38.33 


46.14 


38.37 


24.11 


97.81 


96.84 


94.46 


30 


420 


75.49 


68.25 


50.99 


46.90 


39.16 


25.28 


97.91 


96.81 


94.58 




430 


76.62 


69.33 


53.07 


47.44 


39.87 


26.05 


98.03 


96.90 


95.12 




440 


74.58 


67,06 


50.73 


48.09 


40.53 


26.84 


98.82 


97.38 


95,42 




450 


71.00 


62.87 


46.57 


48.58 


41.05 


27.40 


98.63 


97.43 


95.54 


35 


460 


67.17 


58.68 


42.65 


48.96 


41.46 


27.86 


98.65 


97.59 


95.63 




470 


64.02 


55,25 


39.61 


49.15 


41.85 


28.30 


98.55 


97.61 


95.70 




480 


61.58 


52.81 


37.31 


49.58 


42.14 


28.70 


98.88 


97.85 


96.08 




490 


59.82 


50.83 


35.82 


49.79 


42.45 


29.05 


99.04 


97.76 


96.18 




500 


58.61 


49.80 


34.94 


50.09 


42.74 


29.37 


99.05 


97,76 


96.10 


40 


510 


58.28 


49.36 


34.64 


50.31 


42.93 


29.70 


99.01 


97.80 


95.09 




520 


58.32 


49.46 


34.84 


50.60 


43.32 


30.02 


99.21 


98.11 


96.41 




530 


58.95 


50.09 


35.50 


50.86 


43.58 


30.36 


99.21 


98.25 


96.37 




540 


59.73 


50.95 


36.43 


51.06 


43.94 


30.61 


99.08 


98.09 


96,36 


45 


550 


60.83 


52.27 


37.69 


51.32 


44,26 


30.98 


99.26 


98,11 


96.56 


560 


62.34 


53.86 


39.10 


51.67 


44.55 


31.29 


99.36 


98.25 


96.70 




570 


63.84 


55.41 


40.69 


51.86 


44.78 


31.57 


99.45 


98.08 


96.65 




580 


65.30 


57.19 


42.41 


52,21 


45.16 


31.96 


99.54 


98.37 


86.66 




590 


66.93 


58.95 


44.10 


52.47 


45.43 


32.19 


99.39 


98.38 


96.62 


50 


600 


68.63 


60.77 


46.02 


52.82 


45.74 


32.59 


99.40 


98.48 


96.97 




610 


70.31 


62.70 


47.94 


53.10 


46.09 


32.95 


99.53 


98.53 


97.00 




620 


71.79 


64.49 


49.93 


53.38 


46.42 


33.19 


99.38 


98.42 


96.90 




630 


73,40 


66.39 


51.86 


53.74 


46,63 


33.53 


99.42 


98.53 


96.98 


55 


640 


75.01 


68.32 


54.22 


54.04 


47.12 


33.89 


99.65 


98.62 


97.18 


650 


76.79 


70.24 


56.33 


54.34 


47.39 


34.22 


99.43 


98.60 


96.95 




660 


78.23 


72.28 


58.76 


64.49 


47.64 


34.44 


99.59 


98.63 


97.09 
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Table 2 (continued) 





material 


titanium oxide-coated mica (coationg 


anatase type titanium oxide 




mice 










ratlo68%) 
















5 


wave 
length 

(nm) 
\coating 
thickness 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


10 


(mm) 






















m 




74.27 


6i.30 


54.97 


47.^7 


34.86 


9^.79 


98.78 


97.32 




680 


81.54 


76.34 


63.68 


55.17 


48.36 


35.13 


99.81 


98.80 


97.15 




690 


83.19 


78.37 


66.32 


55.60 


48.64 


35.58 


99.76 


98.75 


97.38 


15 


700 


84.51 


80.14 


68.40 


55.84 


48.89 


35.79 


99.88 


98.91 


97,23 



[0085] Further, the results of the respective samples using the sitlcone-based spherical powder shown in Table 1 
are graphed out in Fig. 8(a), the results of the sample using the silica spherical powder are graphed out in Fig. 8(b), 
and the results of using the titanium oxide-coated mica, having a titanium oxide coating ratio of 57% are graphed out 
20 in Fig. 8(c). Simiiarly, the results of using the titanium oxide-coated mica having a titanium oxide coating ratio of 68% 
graphed out in Fig. 9(a), the results of using the anatase type titanium oxide are graphed out in Fig. 9 (b), and the 
results of using the mica powder are graphed out in Fig. 9 (c). 

[0086] As results of the Experiment 1 , the silicone-based spherical powder, the silica spherical powder, and the mica 
powder, which is a Comparative Example, were found having extremely high light transmittance index and samples 
25 with the coating thickness values In the experiment all showed good transmittance. 

[0087] On the other hand, In the case of the titanium oxide-coated mica, which is a material with a high light shielding 
property, when the coating thickness is 0.204 mm, the transmittance was decreased to 45% or lower. 
[0088] Further, in the case of anatase type titanium oxide, even when the coating thickness is 0.101 mm, the trans- 
mittance was decreased to 45% or lower. 

30 

Experiment 2 

[0089] Successively, an examination was carried out to find whether each low transmittance layer Is capable of 
sufficiently displaying secret infonnation under linear light by producing a forgery/alteration protective material of the 
35 Invention by using each material employed for the above-mentioned experiment 1 and mica for Comparative Example. 
[0090] The production procedure of each sample will be described with the reference to the illustrations. A PET film 
in which letters are printed was layered and fixed on a commonly commercialized retroreflecting material. Fig. 10(a) 
shows this state. 

[0091] Each sample used for the above-mentioned experiment 1 was layered thereon. As shown in Fig. 1 0(b), each 
40 sample was applied so as to form a rectangle 30 in the film center. Accordingly, each sample of this experiment as 
shown in Fig. 1Q(c) was fomned so as to cover the letters by layering the sample on the film. 
[0092] If each material used for the low transmittance layer is capable of sufficiently displaying the secret infonnation, 
the low transmittance layer would be seen to be dark when linear light is irradiated, so that as shown in Fig. 1 0(d). the 
letters would not be seen or scarcely be seen. 
45 [0093] The evaluation of the respective samples produced in such a manner was carried out by visual observation 
under nonnal light and under linear light and detennining whether the letter Infonnation could be seen or not by ob- 
servation under normal light and marking® to those making letters well seen, Oto those making letters seen, A to 
those making letters seen with difficulty and x to those making letters scarcely seen. Further, in the case of observation 
under linear light, evaluation was canried out by determining whether the secret infonnation could be displayed or could 
so not, by determining whether the letter infonnation could be seen or would become hard to see. and marking Oto those 
making display possible and x to those making display impossible. 
[0094] Results are shown In Table 3. 



55 
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Table 3 





mateiial 


1 sillcone-based spherical powder 


silica spherical powder 


titanium oxide-coated mica 
(coating ratio 57%) 


5 


conditions 
\coating 
thickness 
(nnm) 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


10 


under 
nonnal 
light 


® 


® 


® 


® 


® 


® 


O 


0 


A 


15 


under 
linear light 


O 


o 


o 


O 


o 


o 


o 


o 


o 




material 


titanium oxide-coated mica 
(coationg ratio 68%) 


anatase type titanium oxide 


mica 


20 


conditions , 
\coating 
thickness 

(mnn) 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


25 


under 
normal 
light 


O 


o 


A 


0 


A 


X 


® 


® 


® 




under 
linear light 


O 


o 


o 


o 


0 


O 


X 


X 


X 



[0095] As results of the Experiment 2, the silicone-based spherical powder and silica spherical powder with the 
respective coating thickness had excellent transmittance and were found capable of displaying the secret information. 
In the case of the titanium oxide-coated mica with a coating thickness of 0.204 mm, the letter infomrjation became 
difficult to see under normal light but the display of the secret information was possible regardless of the coating thick- 
ness. Simiiarly, in the case of anatase type titanium oxide with a coating thickness of 0,101 mm or thicker, the letter 
inf onnation became difficult to see under normal light but the display of the secret infomnation was possible regardless 
of the coating thickness. 

[0096] On the other hand, although mica had extremely high light transmittance. the secret information display was 
Impossible. That is supposedly attributed to that since mica comprises plate-like lamellar layer, the entire shape is also 
plate-like and mica has insufficient light dlffusibility. 

Experiment 3 



[0097] Based on the results of the Experiment 2, using silica powders with different shape which showed good results 
as a material with a high light dlffusibility, the experiment was carried out by the examination method and the evaluation 
method similar to those of the Experiment 2. The powders employed were a silica plate-like powder with a plate-like 
shape and an average particle size of 5 mjti and silica spherical powders with a spherfeal shape and average particle 
sizes of 5 ^m and 20 ^m, respectively. 
[0098] The resutts are shown in Table 4. 



Table 4 



material 


silica plate-like powder 


silica spherical powder 


silica spherical powder 


average particle size(|im) 


5 


5 


20 


aspect ratio 


20 


1 


1 


conditions \coattng thickness(mm) 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


0.05 


0.101 


0.204 


under normal light 


® 


® 


® 


® 


® 


® 


® 


® 


® 



12 



EP 1 300 255 A1 



Table 4 (continued) 



nnateriai 


silica plate-like powder 


silica spherical powder 


silica spherical powder 


under linear light 


X X 


X 


O 


O 


O 


O 


O 


o 



[0099] As results of the Experiment 3, with respect to the transmittance. silica powders with any shapes and any 
particle diameters all show good results regardless of the coating thickness. However, in the examination for finding 
whether secret infomnation display by linear light irradiation would be possible or not, spherical powders with average 
particle sizes of 5 \in\ and 20 \im were found both capable of displaying it regardless of the coating thickness, whereas 
the plate-like powder was found Incapable of displaying the secret information. Accordingly, It was found that as a 
material with a high light diffusibility, those with non-plate-like shape were preferable. 

[0100] As described above, from the results of the Experiment 1, Experiment 2, Experiment 3, in the case of using 
the material with a high light diffusibility as the material for a low transmittance layer, those having high transparency 
and sufficient light diffusibility are preferable. Accordingly, as the material with a high light diffusibility, powders with 
high transparency and non-plate-like shape are preferable. 

[0101] Further, in the case a material with a high light shielding property is used for the low transmittance layer, it is 
preferable to adjust the coating thickness so as to control the transmittance Index 45% or high for the light with wave- 
length in a range of 420 nm to 700 nm. 

[0102] Hereinafter, the invention will be described in details along with Examples. 
Example 1 

[0103] A mixture of an acrylic resin and a cross-linking agent was applied to a transparent PET film with a thickness 
of 38 M-m and before the resin was completely cured, glass beads with a refractive index of 1 .9 and a particle size of 
36 to 50 \im were scattered in one layer and heated at 120°C for 3 minutes to fix the glass beads. 
[0104] Next, a mixture of an acrylic resin and a cross-linking agent was applied to the foregoing glass beads In a 
proper thickness so as to obtain retroreflected light and heated at 1 20''C for 3 minutes to completely cure the mixture. 
Further, a mixture containing 100 parts by weight of an acrylic resin (45 wt.% remaining after solvent drying) and 30 
parts by weight of a titanium dioxide-coated mica (Irlodin 201 produced by Merck Ltd.) having white appearance 
color and gold color as interference color was applied thereon and heated at 1 20*^0 for 3 minutes to fomn an Interfering 
substance layer. Then, on the formed interiering substance layer, a white PET with a thickness of 300 |im was thermally 
press-bonded to form a retroreflecting material layer 

[01 05] Successively, the produced retroreflecting material was turned upside down , letters were screen-printed with 
black Ink on the transparent PET film. 

[0106] Further thereon, designed patterns and letter infomnation were printed by a mixture of a spherical silicone 
powder to be a low transmittance layer and nitron. 

[0107] Finally, a transparent PET film with a thickness of 1 9 ^m and having an adhesive layer was themnally stuck 
to the foregoing low transmittance layer to obtain a forgery/alteration protective material of the invention. 
[0108] When the obtained forgery/alteration protective material was observed under nonmal tight, as shown in Fig. 
11(a), letter infomnation printed with black ink was seen. Further, the retroreflecting material was white, which Is the 
appearance color of the titanium dioxide-coated mica. However, the low transmittance layer made of the spherical 
silicone powder was scarcely seen. 

[0109] Next, when the obtained forgery/alteration protective material was observed under linear light, as shown in 
Fig. 1 1 (b), other than letter infonnation printed with black ink, the drawings and letters drawn by the low transmittance 
layer made of the spherical silicon powder were seen. In this case, the retroreflecting material exhibited gold color, 
which is Interference color of the titanium dioxide-coated mica. 

[0110] Successively, the transparent PET film in the outermost surface layer of the foregoing forgery/alteration pro- 
tective material was parted and the letter information printed with black ink was altered and after the film was stuck 
again using an adhesive, the forgery/alteration protective material was observed. 

[0111] In the case of observation under nomnal light, as shown in Fig. 11 (c). it was seen no change in the observed 
state from that before the transparent PET film was parted. 

[0112] However, in the case of observation under linear light, as shown in Fig. 11 (d), it was found that the patterns 
drawn by the low transmittance layer and letters were broken and the low transmittance layer was apparently broken. 

Example 2 

[0113] A forgery/alteration protective material of the invention was obtained in the same manner as Example 1, 
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except that a titanium dioxide-coated mica (Iriodin 231 produced by Merck Ltd,) having white appearance color and 
green color as interference color was used in place of the spherical silicone powder used for the low transmittance layer. 
[0114] When the obtained forgery/a Iteration protective material was observed under normal light, letter information 
printed with black ink was seen. Further, the low transmittance layer was observed with clear interference color de- 

5 pending on the observation angle to give a remarkable excellent design property. Incidentally, the retroref lecting ma- 
terial showed white color, which is the appearance color of the titanium dioxide-coated mica. 
[0115] Next, when the obtained forgery/alteration protective material was observed under linear light, letter informa- 
tion printed with black ink as well as the drawings and letters drawn by the low transmittance layer was seen. Further, 
the retroreflecting material showed gold, which is the interference color of the titanium dioxide-coated mica. 

10 [01 16] Further, for an examination, the transparent PET film in the outemiost surface layer was parted and the letter 
inf omnatlon printed with black ink was altered and after the film was stuck again using an adhesive, the forgery/alteration 
protective material was observed. 

[0117] In the case of observation under normal light, although letters in the low transmittance layer and drawings 
were found defective, twinkle interference light was radiated and the excellent design property was as it was. 
15 [0118] However, in the case of observation under linear light, it was found that the patterns drawn by the low trans- 
mittance layer and letters were broken and the low transmittance layer was apparently broken. 

Example 3 

20 [0119] A mixture of an acrylic resin and a cross-linking agent was applied to a transparent PET film with a thickness 
of 38 ^m and before the resin was completely cured, glass beads with a refractive index of 1 .9 and a particle size of 
38 to 50 (im were scattered in one layer and heated at 120''C for 3 minutes to fix the glass beads. 
[0120] Next, a mixture of an acrylto resin and a cross-linking agent was applied to the foregoing glass beads in a 
proper thickness so as to obtain retroreflected light and heated at 120°C for 3 minutes to completely cure the mixture. 

25 Further, using a variety of titanium dioxide-coated mica materials with different combinations of appearance color and 
interference color, a plurality of mixtures containing 100 parts by weight of an acrylic resin (45 wt.% remaining after 
solvent drying) and 30 parts by weight of a titanium dioxide-coated mica material to be an interfering substance layer 
were produced. 

[0121] Then, on the foregoing acrylic resin, each of the foregoing mixtures was applied by screen printing so as to 
30 make letter infonnatlon observable under nomnal light and letters and drawings observable under linear light, and 
heated at 120'*C for 3 minutes. On each interfering substance layer formed in such a manner, a white PET with a 
thickness of 300 jxm was thermally press-bonded to forni a retroreflecting material layer. 

[0122] Successively, the produced retroreflecting material was turned upside down, designed patterns and letter 
infomiation similar to those of the Example 1 were printed by a mixture of a spherical silicone powder to be a low 

35 transmittance layer and nitron. 

[0123] Finally, a transparent PET film with a thickness of 19 |im and having an adhesive layer was themrially stuck 
to the foregoing low transmittance layer to obtain a forgery/alteration protective material of the Invention. 
[0124] When the obtained forgery/alteration protective material was observed under nonnal light, as shown in Fig. 
1 2(a), letter information printed with appearance color of the titanium dioxide-coated mica as the retroreflecting material 

40 was seen. However, the low transmittance layer made of the spherical silicone powder was scarcely seen. 

[0125] Successively, when the obtained forgeiy/alteration protective material was observed under linear light, as 
shown in Fig. 12(b). letter information printed with the appearance color of the titanium dioxide-coated mica disap- 
peared, and the drawings and letter information printed with the interference color were seen. Further the drawings 
and letters drawn by the low transmittance layer made of the spherical silicon powder were also seen. 

45 [01 26] The transparent PET film in the outermost surface layer of the foregoing forgery/alteration protective material 
was parted and the printed letter information was altered and after the film was stuck again using an adhesive, the 
forgery/alteration protective material was observed. 

[0127] In the case of observation under normal light, as shown in Fig. 12(c), parting the transparent PET film gave 
no change to the obsen^ed state. 
50 [0128] However, in the case of observation under linear light, as shown in Fig. 12(d), it was found that the pattems 
and letters drawn by the low transmittance layer were broken, the low transmittance layer was broken apparently. And 
the combinations of letters and drawing with the interference color coming up in the retroreflecting material became 
unbalanced to make the alteration fact clearly noticeable. 

[01 29] It Is thus preferable. In temns of significant Improvement in security, to make arrangements such that the letters 
55 and drawing information to come up on the retroreflecting material layer can be displayed together with the letters and 
drawing infomialion to come up on the low Irasmittance layer under linear light. 

[01 30] The forgery/alteration protective material of the invention is not at all limited to those described In the Exam- 
ples. 
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[01 31 ] For example, an embodiment having a low transmlttance layer 8 fornied on a transparent film layer 6 as shown 
in Fig. 13(a) and an embodiment having photographic infonnation 11 and letter information 13 recorded in a retrore- 
flecting material as shown in Fig. 1 3{b) may be employed. Further, it may be also possible to combine the embodiments 
shown in Fig. 13(a) and Fig. 13(b) to give an embodiment having a low transmlttance layer 8 formed on the surface of 
a transparent film layer 6 and photographiclnfomiation 11 and letter infonmation 13 recorded in a retroreflecting material. 
The effects of the invention are obtainable even in these embodiments. 

[0132] As described above, the forgery/alteration protective material of the invention makes forgery and alteration 
difficult and gives high security property. 

Claims 

1 . A forgery/alteration protective material where a retroreflecting material for returning the Incident light substantially 
along the path along which the incident light travels is provided and a transparent film is layered on said retrore- 
flecting material, wherein a low transmlttance layer formed of a material having a lowerer light transmlttance than 
that of said transparent film is provided between said retroreflecting material and said transparent film layer or on 
the surface of said transparent film layer, and the light transmlttance of said low transmlttance layer is 45% or 
higher to the light in the wavelength range of 420 nm to 700 nm. 

2. A forgery/alteration protective material as claimed in claim 1 , wherein information such as letters and/or designed 
patterns by printing and/or a photograph is recorded between said retroreflecting material and said low transmlt- 
tance layer or in said the retroreflecting material. 

3. A forgery/alteration protective material as claimed in claim 1 or claim 2, wherein said retroreflecting material is a 
color light retroreflecting material for turning color light with different color tone from that of the incident light in the 
proceeding direction of the incident light. 

4. A forgery/alteration protective material as claimed in any one of claims 1 to 3, wherein the material with a low light 
transmlttance for forming said low transmlttance layer is a material with a high light diffusibility as compared with 
that of said transparent film. 

5. A forgery/alteration protective material as claimed in claim 4, wherein said material with a high light diffusibility is 
a spherical inorganic powder of spherical silica or spherical alumina or a spherical resin powder of spherical polyme- 
thyl methacrylate, spherical polyethylene or spherical silicone. 

6. A forgery/alteration protective material as claimed in any one of claims 1 to 3, wherein the material with a low light 
transmlttance for forming the iow transmlttance layer Is a material with a high light shielding property as compared 
with that of the transparent film. 

7. A forgery/alteration protective material as claimed in claim 6, wherein said material with a high light shielding 
property is an inorganic substance selected from titanium oxide, zinc oxide, iron oxide, or titanium oxide-coated 
mica or a metal selected from aluminum or gold. 

B. A forgery/alteration protective material as claimed in any one of claims 1 to 7. wherein said material is stuck to or 
integrally formed in a substrate of paper or a film or an article. 
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